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[57] ABSTRACT 

An antibacterial contact lens material comprising a 
hydrogel lens material and an antibacterial ceramic 
containing at least one metal selected from the group 
consisting of Ag, Cu and Zn. The lens material contains 
from 0.001-10.0% by weight of the antibacterial ce- 
ramic and the ceramic from 0.0001 to 10.0% by weight 
of the metal based on the weight of the ceramic. 

9 Claims, No Drawings 
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rr»MT method for retaining the antibacterial metal such as Ag, 

CONTACT LENS MATERIAL Cu and Zn in the ceramics to prevent its dissolution into 

n a r>v/-»/MTv m water or a fluid, it is preferred to use the ion exchange 

BACKGROUND OF THE INVENTION me thod. When the antibacterial metal is adsorbed or 

1. Field of the Invention 5 fixed to the ceramics by the ion exchange method, the 
The present invention relates to a contact lens mate- ceramics are not effected by any possible anion influ- 

rial haying an antibacterial property, in which an anti- ence upon the metal salt used. Thus, when antibacterial 

bacterial ceramic containing at least one metal selected ceramics prepared by the ion exchange method are 

from the group consisting of Ag, Cu and Zn is mixed compared to ceramics in which the metal salt is merely 

with or coated onto a hydrogel lens material. 10 absorbed, the amount of dissolution of the metal into 

2. Description of the Prior Art water or a fluid from the antibacterial ceramics pre- 
It is well known that contact lenses can be used in- pared is extremely small. This is because the metal is not 

stead of a pair of spectacles. A hard contact lens com- desorbed from the ceramics material prepared by such a 

Posing polymethacryhc acid methyl esters as a main method 

component a soft contact lens comprising poly 2- " since the ceramics as mentioned above have the 

hydroxy ethyl methacrylate as a mam component, or a p rop erty of inorganic ion exchange, the antibacterial 

contact lens comprising natural polymers such as colla- „^ ; *w • *• I auuu^iciioi 

gen, glass or ceramics are knoJn. ~ ™™ J^L^^ ^ 

When a contact lens is fitted to a cornea, a thin film of ^^^SS^S ^^ethod for preparing 
tear fluid remains between the lens and the cornea. 20 £ e antibactenal ceramics is explained in more detail 
Further, the outer surface of the contact lens is in ^w, m which hydroxyapatites are mainly used as the 
contact with the atmosphere. The lens once installed on ceramics. The fine powders of hydroxyapatite synthe- 
the eye is likely to be attacked by undesired materials sized by the usuaI method or of natural hydroxyapatite 
such as bacteria and dust in the air and entails breeding are P acked into a column uniformly and an aqueous 
of bacteria along the surfaces of the contact lens so that 25 solution of the metal salt, such as silver nitrate or copper 
a risk occurs of developing a surface injury to the eye. chloride, is poured into the column, or an aqueous solu- 
Also it is necessary that a supply of fresh air be available x * on of tne met al sal* is added to a suspension of the fine 
to the cornea beneath the contact lens to promote me- hydroxyapatite powders and subjected to strong stir- 
tabolism of the cornea tissues. For these reasons, vari- f° r several hours. Antibacterial hydroxyapatites, in 
ous materials have been examined as suitable contact 30 which a part of the Ca++ in the crystal lattice is re- 
lens materials. However, materials that allow a supply placed by the metal ion of the metal salt used, are thus 
of fresh air to the cornea to prevent cornea damage and produced. The amount of metal ion substituted for 
that exclude undesired materials have not heretofore Ca++ is a factor of the temperature and time, and of the 
been found. type and amount of the metal salt used. The antibacte- 

SUMMARY OF THE INVENTION 35 rial nvdroxva P atites obtained in this method are thereaf- 

ter fully washed with water to remove any non- 

The object of the present invention is to provide a adsorbed salts or replaced calcium and are then dried 
contact lens material that prevents breeding of bacteria and crushed. While a method for adsorbing the metal in 
to protect the cornea tissues the hydroxyapatites by the ion exchange method is 

As the result of various studies, applicants found that 40 discussed above, it may be easily foreseen by one skilled 
contact lens material that prevents the breeding of bac- m the art that the antibacterial hydroxyapatites can be 
tena to protect the cornea tissues can be obtained when pro duced by precipitating hydroxyapatites in a solution 
an antibactenal ceramic material containing at least one £ tne wat J s F olub f e met fj ^ y P 
metal selected from the group consisting of Ag, Cu and ^ meta] in the ceT3mics according to the present 
Zn is mixed through a kneading process with a hydro- 45 ; % , « ,. . 

gel lens material which can theVbe made by the usual ZT™ ' 1 nondlssolvabl \ m water or ^ 

process into a contact lens. Alternatively, the antibacte- J?J£^ " d 
rial ceramic can be coated on the surfaces of a hydrogel the antabactena ^ Property is not lost by any heat firing 
lens material. process. Actually, when the antibacterial ceramics are 

50 heat fired, the bonding strength of the metal in the 
DETAILED DESCRIPTION OF THE ceramics is increased. Accordingly, the antibacterial 

INVENTION ceramics can be used after heat firing and crushing. 

It is necessary that the ceramics used in this invention Also> sUica based antibacterial agents containing the 
be uniformly dispersed in the hydrogel lens material and metal 03X1 1x5 obtauied in a similar method by using silica 
be harmless to the cornea tissue. Therefore silica based 55 based cerates m P^e of hydroxyapatites. 
ceramics, such as zeolite and silicates, calcium carbon- The substituted amounts of metal such as Ag, Cu and 
ate based ceramics, and phosphate based ceramics such 2,1 ^ e antibacterial ceramics obtained in this method 
as calcium phosphate and apatite, can be used in this 040 eas^y measured by the usual analytical method, 
invention. It is preferred that fine ceramic powders, preferably 5 

In view of the affinity of the antibacterial metal to the 60 M m or ^ ess * be used and sufficient antibacterial property 
living body, the dispersibility of the antibacterial metal is obtained when the amounts of metal contained in the 
in the hydrogel lens materials, and the non-dissolution ceramics are 0.0001% or more, by weight, 
of the antibacterial metal in the thin film of tear fluid Conversely, overly large amounts of metal in the 

around the contact lens, it is preferred that apatite based ceramics is not preferred, because the crystalline struc- 
ceramics such as hydroxyapatite and fluoroapatite be 65 ture of the ceramics may be affected and the physical 
used as the ceramic material. Moreover, when the trans- property of the ceramics may change. Generally, the 
parency required for proper vision is considered, it is amounts of metal substituted are 10% or less, preferably 
preferred that silica based ceramics be used. As a 0.0001 %-5% by weight. 
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The antibacterial ceramics produced in this method 
are uniformly mixed by a kneading process with a hy- 
drogel lens material usually used to make a contact lens 
such as polysiloxanyl methacrylate, poly 2-hydrox- 
yethyl methacrylate and the like, and the contact lens is 
finished by cutting and polishing. The metal salts in the 
antibacterial ceramics are exposed on the surfaces of the 
contact lens. It is not preferable to add too large amount 
of the antibacterial ceramics to the hydrogel lens mate- 
rial, because the physical properties of the contact lens 
such as the light transparency and elasticity to meet the 
eyes will be adversely affected. Generally, for the pur- 
pose of achieving an antibacterial property from 
0.001-10% of the antibacterial ceramics should be 
added to the hydrogel lens material. 

When a contact lens containing the antibacterial ce- 
ramics produced by the above method is fitted to the 
cornea, the light transparency and wear feeling is not 
effected, and a strong antibacterial property is pro- 
vided. That is, the antibacterial ceramics mixed with the 
contact lens material generate exocyclic oxygen atoms 
or superoxide radicals or respiratory malfunctioning 
enzymes which cause the bacteria and fungi to die, 
["The Molecular Mechanisms of Copper and Silver ion 
disinfection of Bacteria and Viruses'* CRC Critical Re- 
views in Environmental Control 18, 295 (1989)] Bac- 
teria and fungi are always present in the air and there- 
fore always in contact with the eyes. However, when 
the contact lens of this invention is installed in the eye, 
the antibacterial property is continuously available. 

Adding an antibacterial ceramic to the hydrogel lens 
material by a kneading process is explained above. 
However, the purpose of this invention may also be 
achieved by coating the material's surfaces with a bond- 
ing agent containing an acrylic based emulsion and the 35 
antibacterial ceramics, or by coating the surfaces by a 
sputtering method with the antibacterial ceramics. 

The contact lens of this invention is easily obtained 
by adding the antibacterial ceramics to the hydrogel 
lens material. The amounts of the metal contained in the 40 
antibacterial ceramics can be optionally changed so as 
to serve the purpose of the present invention, while the 
metal carried by it is not dissolved into water or fluid 
from the ceramics. Accordingly, contact lens having an 
antibacterial property, which is desired in a contact 45 
lens, can be produced, and in addition the living body is 
not effected due to the non-dissolution of the metal 
contained in the ceramics with tear fluid. 
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EXAMPLE 1 

Antibacterial hydroxyapatite containing Ag 2% and 
Zn 2%, each by weight, was heat fired at 1200* C. and 
powdered to provide a fine ceramic material. The fine 
powders were added to three mixtures of 2-hydrox- 
yethyl methacrylate and ethyleneglycoldimethacrylate 
at the rates of 0.01%, 0.3% and 1.5% by weight, respec- 
tively. Polymerization was performed in a constant 
temperature water bath and hydrogel lens material hav- 
ing an antibacterial property was obtained. The hydro- 
gel lens material obtained was then formed in button 
shape configurations and contact lenses having an anti- 
bacterial property were obtained by cutting and polish- 
ing the button shaped configurations. The results which 
were obtained by examining the dissolution rate of the 
antibacterial metal into water, the light transparency, 
the oxygen permeability and the antibacterial and stimu- 
lative properties of the contact lenses according to the 
present invention are shown in the Table below. 



EXAMPLE 2 

Antibacterial hydroxy apatites containing Ag 2% and 
Cu 2% each by weight were powdered into a fine ce- 
ramic material. Fine powders of 0.01% by weight, 0. 1 % 
by weight and 1.0% by weight were added to mixed 
monomers of siloxanyl methacryate, methyl methacry- 
late and ethyleneglycoldimethacrylate. Polymerization 
was performed in a constant temperature water bath 
and hydrogel lens material having an antibacterial prop- 
erty was obtained. The hydrogel lens material obtained 
was formed into button shape configurations and three 
contact lenses having an antibacterial property and an 
oxygen permeability were obtained by cutting and pol- 
ishing the button shaped configurations. The metal dis- 
solution rate, the light transparency, the oxygen perme- 
ability and the antibacterial and stimulative properties 
of the contact lenses obtained are shown in the Table 
given below. 

EXAMPLE 3 

Antibacterial silicas containing Ag 2% and Zn 1 % by 
weight were powdered to form fine powders. Fine 
powders of 0.01% by weight, 0.1% by weight and 1.0% 
by weight were added by a kneading process to mixed 
monomers of 2-hydroxyethylmethacrylate, N-vinyl- 
pyrolidene methyl methacrylate and ethyleneglycol- 
dimethacrylate. Polymerization was performed in a 
constant temperature water bath and hydrogel lens 
materials having an antibacterial property was obtained. 
The material was formed in button shapes and three 
contact lenses having an antibacterial property were 
obtained by cutting and polishing the button shaped 
configurations. The dissolution rate of metal into water, 
the light transparency, the oxygen permeability and the 
antibacterial and stimulative properties of the contact 
lenses obtained are shown in the Table given below. 

EXAMPLE 4 

Antibacterial silicas containing Ag 2% by weight and 
Cu 1 % by weight were powdered to form fine powders. 
Fine powders of 0.01% by weight, 0.1% by weight and 
1.0% by weight were added by a kneading process to 
the mixed monomers of siloxanylmetharylate, tri- 
fluoromethylmethacrylate, methylmethacrylate and 
ethyleneglycoldimethacrylate. Polymerization was per- 
formed in a constant temperature water bath and hydro- 
gel lens material having an antibacterial property was 
obtained. The hydrogel lens material was formed into 
50 button shapes and contact lenses having an antibacterial 
property and an oxygen permeability were obtained by 
cutting and polishing the button shaped configurations. 
The dissolution rate of metal into water, the light trans- 
parency, the oxygen permeability and the antibacterial 
55 and stimulative properties of the contact lenses obtained 
are shown in the Table given below. 

EXAMPLE 5 

In this example, a disc shaped form of an antibacterial 
60 hydroxyapatite containing Ag 3% by weight, which 
had been heat fired at 1000° C. for 5 hours, was used in 
a RF sputtering apparatus. The RF sputtering apparatus 
was operated for 30 minutes under the following condi- 
tions: Ar gases 4X 10- 3 torr; the temperature of the 
65 substrate 40° C; the electric power 200 W. Antibacte- 
rial hydroxyapatites from the disc were coated by the 
sputtering apparatus onto the surfaces of a hydrogel 
contact lens material comprising polysiloxanylmetha- 
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crylate and polymethylmethacrylate as the main com- 
ponents and three lenses were made. The dissolution 
rate of metal into water, the light transparency, the 
oxygen permeability, and the antibacterial and stimula- 
tive properties of the hydrogel contact lenses are shown 
in the Table below. 

CONTROL TEST 1 

Mixed monomers of 2-hydroxyethylmethacrylate and 
ethyleneglycoldimethacrylate were poured into a test 
tube and polymerized in a constant temperature water 
bath. From the polymers obtained, contact lenses were 
prepared. The light transparency, the oxygen permea- 
bility, and the antibacterial and stimulative properties of 
the contact lenses are shown in the Table below. 15 

CONTROL TEST 2 

Mixed monomers of siloxanyl methacrylate, methyl- 
methacrylate and ethyleneglycoldimethacrylate were 
poured to a test tube and polymerized in a constant 20 
temperature water bath. From the polymers obtained, 
contact lenses were prepared. The light transparency, 
the oxygen permeability, and the antibacterial and stim- 
ulative properties of the contact lenses obtained are 
shown in the Table below. 25 



0.0001 to 10% by weight of the ceramic of at least one 
metal selected from the group, consisting of silver, cop- 
per, and zinc. 

2. The contact lens material of claim 1, wherein the 
ceramic is hydroxyapatite. 

3. The contact lens material of claim 1, wherein said 
metal is present is an amount of from 0.0001 to 5.0% by 
weigh of the ceramic. 

4. The contact lens material of claim 2, wherein said 
metal is present in an amount of from 0.0001 to 5.0% by 
weight of the ceramic. 

5. The contact lens material of claim 1, wherein the 
antibacterial ceramic is mixed with the hydrogel lens 
material by a kneading process. 

6. The contact lens material of claim 1, wherein the 
antibacterial ceramic is coated on a surface of the hy- 
drogel lens material. 

7. The contact lens material of claim 1, wherein the 
ceramic is silica. 

8. The contact lens material of claim 1, wherein the 
hydrogel lens material is selected from the group con- 
sisting of polymers of 2-hydroxyethylmethacrylate and 
ethyleneglycoldimethacrylate; 2-hydroxyethylmetha- 
crylate, N-vinylpyrolidiene, methylmethacrylate and 
ethyleneglycoldimethacrylate; meth y lmethacrylate; 



TABLE 




anti- 
















bacterial 


metal 


light 




anti- 


irri- 




ceramics 
added (%) 


dissolution 


trans- 


oxygen 


bacterial 


tative 




rate 


parency 


permeability 


property 


property 


Example 


0.01 


Ag 




98% 


10 x 10~ n 


good 


none 


(1) 




Zn 












0.3 


Ag 




98% 


12 x 10" n 


good 


none 






Zn 












1.5 


Ag 




97% 


15 X 10- 11 


good 


none 






Zn 










Example 


0.01 


Ag 




98% 


27 X 10- n 


good 


none 


(2) 




Cu 












0.1 


Ag 




98% 


30 X !0- n 


good 


none 






Cu 












1.0 


Ag 




97% 


38 X 10- 11 


good 


none 






Cu 










Example 


0.01 


Ag 




99% 


10 x io- n 


good 


none 


(3) 




Zn 












0.1 


Ag 




99% 


13 x 10- n 


good 


none 






Zn 












1.0 


Ag 




98% 


17 x 10~ n 


good 


none 






Zn 










Example 


0.01 


Ag 




99% 


35 x io-n 


good 


none 


(4) 




Cu 












0.1 


Ag 




99% 


40 X 10- 11 


good 


none 






Cu 












1.0 


Ag 




99% 


45 X 10-" 


good 


none 






Cu 










Example (5) 




Ag 




99% 


32 X 10- 11 


good 


none 


Control test (1) 








98% 


8 X 10" 11 


none 


none 


Control test (2) 








98% 


25 X 10- n 


none 


none 



— : Below detection limit 
detection limit: 
Ag: 0.01 ppm 
Zn: 0.2 ppm 
Cu: 0. 1 ppm 



What is claimed is: 

1. A contact lens material comprising a hydrogel lens 
material and from 0.001 to 10% by weight of an antibac- 
terial ceramic, said antibacterial ceramic comprising a 
ceramic selected from the group consisting of silica, 
calcium carbonate, calcium phosphate, hydroxyapatite 
and fluoroapatite or mixtures thereof that contains from 
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ethyleneglycoldimethacrylate and siloxyanylmethacry- 
late; and siloxyanylmethacrylate, trifluoromethylme- 
thacrylate, methylmethacrylate and ethyleneglycol- 
dimethacrylate. 

9. The contact lens material of claim 1 in the form of 
a contact lens. 

***** 
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